Figure 1. Exemplars of the Abstract Color Images that Were Used in the Present PET Experiment
The images were displayed one at a time for 4 s in the middle of the monitor. Depending on the condition, participants were asked simply to view or to memorize the material. The participants were tested for memory of the stimuli seen after the completion of the scan. The control condition consisted of three familiar images that were presented randomly, one at a time, to the participants during scanning.
familiar stimuli condition 2, participants were scanned CBF and encoding throughout the brain. The graded while they viewed 20 familiar images. In the viewing contrast of the PET data was weighted such that regions novel stimuli condition 3, participants simply viewed 20 of activation represented voxels where CBF increased stimuli that had not been seen before. No instructions in a graded fashion (from minimal to maximal encoding). other than to view the stimuli were given to the particiSignificant positive activation peaks representing inpants in conditions 1 to 3. In the explicit encoding of creased CBF as the degree of encoding increased stimuli condition 4, the participants were specifically across the four conditions were observed in the right instructed to try and memorize the novel stimuli that orbitofrontal area 11 (x ϭ 28, y ϭ 34, z ϭ Ϫ23, t ϭ 3.72; were to be presented during the scanning period. After x ϭ 19, y ϭ 55, z ϭ Ϫ21, t ϭ 3.71) and right area 25 each scanning condition, recognition tests were admin-(x ϭ 9, y ϭ 12, z ϭ Ϫ26, t ϭ 3.46). It is important to note istered although the participants were not informed of that these were the only significant peaks within the this before scanning. entire frontal cortex. Outside the frontal cortex, increased activity across the four different conditions was Results observed in the right medial temporal lobe in the parahippocampal region (x ϭ 26, y ϭ Ϫ38, z ϭ Ϫ17, t ϭ Behavioral results showed that the mean correct perfor-4.51). Increased activity across the four conditions was mance was 94% in condition 2, 80.6% in condition 3, also observed, bilaterally, in the prestriate visual cortex, and 87.6% in condition 4. Repeated-measures ANOVA i.e., areas 18/19 (x ϭ 24, y ϭ Ϫ83, z ϭ Ϫ9, t ϭ 7.25; x ϭ demonstrated a statistically significant difference be-40, y ϭ Ϫ64, z ϭ Ϫ11, t ϭ 5.59; x ϭ Ϫ17, y ϭ Ϫ83, tween these three conditions [F(2, 34) ϭ 33.11, p Ͻ z ϭ Ϫ14, t ϭ 6.82; x ϭ Ϫ39, y ϭ Ϫ57, z ϭ Ϫ18, t ϭ 5.04). 0.001]. As would be expected, recognition performance
The above results were also confirmed with subtracin condition 2 was the best because the participants tion analyses between conditions. When conditions 2, had seen the 20 stimuli six times prior to scanning, while 3, and 4 were each compared separately against control in conditions 3 and 4, the 20 stimuli presented during condition 1, there was increased activity in the right scanning were novel (Newman-Keuls test: condition 3 orbitofrontal area 11 and in area 25 in comparison to versus 2, p Ͻ 0.001; condition 4 versus 2, p Ͻ 0.001). An the control condition and there were no increases in important comparison here is that between conditions 3 activity in the lateral and medial frontal cortex. Outside and 4 in which the participants saw 20 novel images the frontal cortex, these subtraction analyses showed during scanning. Recognition performance in condition increased activity in the parahippocampal region of the 4, in which the participants were explicitly instructed to medial temporal lobe in the right hemisphere and bilatencode, was higher than in condition 3 in which the eral increases in activity in the prestriate visual cortex participants were simply told to view the 20 novel images (areas 18/19). Furthermore, the comparison condition 4 (Newman-Keuls test, p Ͻ 0.001). Thus, the instruction (explicit intentional encoding) minus condition 3 (incimanipulation was successful in leading to better endental encoding due to the simple viewing of novel stimcoding. uli) demonstrated increased activity in area 11 (x ϭ 19, The PET data, shown in Figure 2 , were analyzed by y ϭ 61, z ϭ Ϫ19, t ϭ 3.16), area 25 (x ϭ 0, y ϭ 5, z ϭ Ϫ25, correlating CBF across the four conditions that ranged t ϭ 2.97), and the parahippocampal region in the right in their encoding demands from minimal (condition 1)
hemisphere (x ϭ 27, y ϭ Ϫ33, z ϭ Ϫ21, t ϭ 3.55). Thus, to maximal (condition 4). This was achieved by using a the individual subtractions confirmed the results of the graded contrast which compared CBF across the four encoding conditions, testing for a linear relationship of correlation analyses. 
Discussion
When human participants are asked to memorize material such as words, visual scenes, or nameable objects, they will most often attempt to verbalize and use various The present experiment demonstrated that as the demands of encoding increase, so does the activation in semantic association strategies to aid in the organization and learning of the material. The greater the use of orbitofrontal areas 11 and 25. It is important to note that no other area within the frontal cortex was significantly these organizational strategies, the better is the recall of the material (e.g., Craik and Lockhart, 1972). Such an activated, thus demonstrating in an unambiguous manner the relationship between the orbitofrontal areas 11 approach to the learning of the material will inevitably involve various executive processes that are known to and 25 and the degree of encoding of new material. As such, these results are consistent with work in monkeys depend on various areas of the lateral prefrontal cortex. also be making various decisions on the material (e.g., selection, judgment, etc.) that are known to depend on lateral part of the frontal lobe that gives rise to basic the ventrolateral prefrontal cortex (Petrides, 1996 (Petrides, 1996) . the volitional intention to encode, i.e., the focusing of Under these circumstances, activations were noted in neural processing related to encoding on a certain type a large array of prefrontal areas including lateral and of material. This was seen in our present findings. For orbital areas in imaging studies of learning and, thus, instance, condition 4 in which the participants were exone could not disentangle the areas that were more plicitly instructed to encode the material led to greater directly related to encoding from areas that were indiactivity in the orbitofrontal cortical region relative to rectly activated because of the extra-encoding procondition 3 in which the intentional encoding was less. cesses encouraged in the paradigm used.
Learning of the material was also better in condition A recent study by Savage and colleagues (2001) dem-4 (87.6%) as compared with condition 3 (80.6%). The onstrated a correlation between left lateral frontal activorbitofrontal cortex has strong connections with the varity and the degree of semantic organization across three ious lateral prefrontal cortical regions that subserve variverbal encoding conditions. This study is in agreement ous higher control processes (e.g., monitoring) that can with the argument made here, namely that lateral frontal be engaged to make meta-encoding contributions in cortex will be engaged when the organization of semancomplex learning situations. Since these lateral prefrontic information is required. In our study, we specifically tal cortical regions do not have strong direct connecused nonverbal abstract stimuli that were difficult to tions with the medial temporal region, the orbitofrontal verbalize in order to exclude any lateral frontal activity cortex may not only be critical for relaying important related to semantic organization. Furthermore, these iminformation to the higher order lateral prefrontal regions, ages appeared only once during scanning, and only one but also it may mediate the influence of these other image appeared on the screen for a brief period before meta-encoding processes onto medial temporal proit was succeeded by another one. Under these circumcessing. stances, the participants devote the short period of time during which the complex image is on the screen (4 s)
Experimental Procedures
to looking at it and trying to commit it to memory, and 
Barbas and Pandya, 1989). Monkey studies have sug-
These 20 images were familiar because they had been seen five times in random order prior to the scanning session and one addigested that it is the orbitofrontal region and not the tional time before the actual scanning condition. In the viewing novel (1988) stereotaxic atlas, which is commonly used in the functional neuroimaging field. However, the human orbital frontal cortex that stimuli condition 3, participants simply viewed 20 stimuli that had not been seen before. No instructions other than to view the stimuli Brodmann (1909) referred to globally as area 11 is not cytoarchitectonically homogeneous and has been subdivided by Petrides and were given to the participants in conditions 1 to 3. In the explicit encoding of stimuli condition 4, the participants were specifically Pandya (1994) into different architectonic areas that correspond to areas 14 and 11 of the orbital frontal cortex of the macaque monkey instructed to try and memorize the novel stimuli that were to be presented during the scanning period. Again 20 novel images were (see Figure 2) . Area 11 is located anterior to the transverse orbital sulcus (TOS) and between the rostral parts of the medial orbital presented and, as in all other conditions, the number of stimuli to be presented was not mentioned to the participants. After each sulcus (MOS) and the lateral orbital sulcus (LOS). Area 25 is located at the caudalmost part of the gyrus rectus. scanning condition, recognition tests were administered although the participants were not informed of this before scanning.
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